The use of different MS platforms in plant proteomics analysis was previously discussed [1] , 159 however it is important to mention that new ion fragmentation procedures as alternative to the current 160 collision induced dissociation, CID, and electron transfer dissociation, ETD, such as 161 photodissociation, have been claimed to produce enhanced sequence coverage and higher confidence 162 in sequence assignment [44, 45] . 163
One of the limitations of proteomics, when compared to genomic and transcriptomic analyses, 164
is that proteins cannot be amplified as can DNA and therefore, optimized and efficient extraction 165 methods must be developed. Thus, the very laborious and time consuming used protocols and the 166 number of replicates (the three biological replicates performed as a rule are not enough to perform 167 solid statistical analysis and get confident biological conclusions [46] , it is recommended to perform 168 at least 5 biological replicates to allow a reliable estimation of residual variance when more than two 169 treatments are compared) are the main bottleneck that makes proteomics unpopular among plant 170 biologists. The use of an appropriate extraction method is even more relevant for PTMs or 171 interactomics studies that request fractionation steps. These issues have been addressed by Krahmer et 172 al (2015) [47], who compared different alternatives for sample preparation compatible with large 173 numbers of samples in phosphoproteomics analysis. 174
Protein extraction is still challenging and constitutes a big difficulty in the analysis of specific 175 proteins such as integral membrane proteins [48] . Integral membrane proteomics analyses involve 176 complicated protocols that include membrane purification and protein extraction. In order to analyze 177 the symbiosome integral membrane proteins, Clarke et al. (2015) [49] reported a protocol that 178 included isolation of symbiosomes with three-step Percoll gradients and preparation of the membrane 179 system by ultracentrifugation of the broken symbiosomes supernatant, followed by bicarbonate 180 stripping and chloroform-methanol protein extraction prior to MS analysis. Although the excessive 181 manipulation of the sample may interfere in the integral membrane protein analysis it has a great 182 Proteomics value from a descriptive point of view. Once the protein is identified, the expression of the 183 corresponding genes and the associated phenotype can be assessed by using complementary 184 The use of most algorithms and softwares is far from the current capacity of most plant 234 biochemists working with proteomics. This is the reason why the dry part of the work is in the hands 235 Proteomics of mass spectrometrists or bioinformaticians usually with no expertise in plant biology. This results 236 in, more often than would be advisable, a blind acceptance of the computer provided data without a 237 minimum rationale and critical evaluation of the data confidence, making it difficult to conclude from 238 a biological point of view. The quite dynamic character of the proteomes and the fixed film provided 239 by our experiments makes most interpretations speculative. The situation for a standard plant 240 biochemist is even worse considering the number of algorithms that is continuously appearing [70] . 241
Which one, what for, how to use them and translate to a biological discussion could be hell for most 242 of us [71, 72] . In this regard, Proteomics a special issue, Proteomics Data Visualization (17, 10). In 243 this and other regular issues a number of reviews discussing these questions have appeared [73-78] 244
The integration of disseminated data through databases is a pursued objective that will benefit 245 the scientific community. In this direction, The BioMart Community Portal (www.biomart.org) is a 246
good example the plant community should follow [79] . It includes over 800 different biological 247 datasets spanning genomics, proteomics, model organisms, cancer data, ontology information and 248 more. 249
250

PROTEOMICS INTEGRATION WITH OTHER -OMICS 251
Within the -omics approaches, the advantage, if so, of proteomics, and also metabolomics, is 252 that the information provided is closer to the phenotype [80] . On the other hand, it is much more 253 complicate at the methodological level (i.e. genomics and transcriptomics are favored by PCR and 254 well established microarray techniques). At the molecular level, the phenotype is the result of gene 255 expression through transcriptional and translational events and gene products and metabolites 256 interaction, so proteins are just part of the story. As previously discussed [1], proteomics has 257 limitations, the more relevant being proteome coverage, quantitation, identification in orphan 258 organisms, PTM, and interactomics. Protein identification and quantification cannot always be as 259 confident as we wish because of the organism, experimental design, and the employed techniques and 260 Proteomics protocols, making our data interpretation conservative or speculative. In comparative proteomics, the 261 high variability in the protein profile among biological samples and the low number of biological 262
replicates employed in most studies hinder the biological interpretation. Thus, it is not easy to stablish 263 protein abundance ranges in normal (control) samples, as it has been shown by Higdon et al. (2015) 264 [81]. These authors used data from two human proteome studies featured in Nature, and found that 265 protein abundance among biological replicates varied by ±4-to 10-fold for most proteins, with 266 coefficient of variation (CV) in between 62 and 117 %. To control or reduce this CV, it is 267 recommended to compare proteins identified with at least 3 or more unique peptides and normalize 268 abundances against housekeeping proteins with low variability. 269
Just by itself, and more than generating a list or catalog of protein species, proteomics can 270 provide real biological knowledge; however it would require, first, the use of a model systems, in 271 plants mostly A. thaliana, with a good collection of mutants for reverse and functional genetics 272 studies and, second, an appropriate experimental system, as for example cell suspensions. A good 273 example of this is the paper published by Smith et al. (2015) [82] in which signal transduction 274 pathways mediating plant programmed cell death was studied. By using isobaric-tagged relative and 275 absolute quantitation of proteins present in the extracellular matrix, 33 proteins were identified as 276 putative cell-death regulatory proteins. One of these proteins, the CYCLASE 1, which had previously 277 no known function, was a negative regulator of cell death in Arabidopsis. 278
The integration of the different -omics, in the direction of systems biology, is far from being a 279 The topic has been deeply reviewed in Proteomics (Proteogenomics special issue; Vol. 14, 321
Iss. 23-24). Proteogenomic experiments and prediction tools will differ between genome-sequenced 322 and -unsequenced, as well as eukaryotic or prokaryotic organisms [95, 100] . Reactive oxygen species overproduction is a typical plant response to oxidative stress, these 375 species acting as signals and causing protein redox state changes [30, 112, 113] . The reversible PTM 376 methionine oxidation was studied in A. thaliana plants by Jacques et al. (2015) [114] using wild and 377 catalase-2 knock-out mutants. Over 500 sites of oxidation in 400 proteins were reported. They showed 378 that the activity of two specific glutathione-S-transferases was significantly reduced upon oxidation. [116] in the search for H(+) ATPase complexes in lily pollen. These techniques require high amount 391 of sample and involve excessive manipulation, being subjected to biases or false positives. Microarray 392 technology will be, with no doubt, the future for more feasible experiments in which dynamic 393 interactions could be observed through time course experiments [117] . As an alternative, the parallel 394 analysis of genomic, transcriptomics, and proteomics experiments could be performed [118] . 395 396
Some missed relevant papers 397
Last but not least in the surveyed period are the publications covering topics that deserve to be 398 mentioned in a general plant proteomics review, either because they report on technical innovations or 399 novel applications to the plant biology research. As we did not intend to be exhaustive, and due to 400 space limitation, we will just mention them. 
